Study design: Observational, cross-sectional. Objectives: A new classification system for trunk impairment in wheelchair rugby was introduced in 2010. It consists of 10 tests, arranged in an algorithm, to assign four different trunk scores (0, 0.5, 1.0 or 1.5) to athletes. The purpose of this study was to assess the inter-rater reliability of this classification system. Setting: National competition for wheelchair rugby and wheelchair basketball in the Netherlands and Belgium. Methods: Three experienced wheelchair rugby classifiers independently assigned trunk scores to wheelchair rugby and wheelchair basketball athletes in two sessions. After each session, test descriptions were adjusted. The inter-rater reliability was evaluated by determining the agreement and Fleiss Kappa. Results: In the first session, all classifiers agreed on the trunk score in 13 out of 16 athletes; the overall Kappa was 0.76 (Po0.001). The Kappa per trunk score ranged from 0.29 to 1. Four test descriptions were adjusted after the first session. In the second session, there was an agreement in trunk score between the classifiers in 15 out of 21 athletes. The overall Kappa was 0.75 (Po0.0001), and the Kappa per trunk scores ranged from 0.58 to 0.92. After the second session, two test descriptions were improved. Conclusion: The revised classification system for trunk impairment in wheelchair rugby showed a adequate inter-rater reliability for the allocation of trunk scores.
INTRODUCTION
Wheelchair rugby is a team sport, invented by athletes with tetraplegia due to spinal cord injury (SCI). They perceived an inability to compete in wheelchair basketball due to impaired arm and hand muscle power. 1 Because the International Paralympic Committee states that in paralympic sports, winning or losing the game should depend on training, talent, motivation and skills, rather than on being the more or less impaired athlete, athletes are evaluated using a sportspecific classification system. 2, 3 Initially, almost all wheelchair rugby athletes had complete SCI, American Spinal Injury Association Impairment Scale A (AIS A) at level C5-8. 4 As a result, they had complete paralysis of all muscles of the legs and the trunk, and partial paralysis of the arm muscles. The influence of impairment on performance was largely based on impairment in arm muscle power, which was reflected by the emphasis on arm impairment in classification. 5 Studies about performance in sport-specific activities 6 and performance during the game [7] [8] [9] in relation to wheelchair rugby sport class have used the overall sport class, without any specification of the score for arm and for trunk and leg impairment. As the popularity of the sport increased, athletes with other types of eligible impairment started to compete, for example, athletes with amputations of all four limbs. In addition, athletes with SCI tended to have incomplete lesions (AIS B-D). 4 In contrast to the first wheelchair rugby athletes, many new athletes had limited-to-no trunk and leg impairment. These new athletes were perceived as dominant over athletes with severe trunk and leg impairment in the same sport class. Therefore, the classification system no longer seemed adequate for the changed athlete population. 10 In 2009, an expert group of classifiers and athlete representatives was formed to systematically assess the influence of trunk impairment on performance in wheelchair rugby. The following sources were used: the classification database, 11 a review of the literature, 12 interviews with athletes and coaches, and expert opinion of the most experienced classifiers. 13 In 2010, the expert group proposed a revised trunk impairment classification system with a maximum of 10 tests (t1, t2, t2a, t2b, t3-t8), arranged in an algorithm leading to allocation of a trunk score (0, 0.5, 1.0 or 1.5) after failure of one or more tests. Each test was described concisely so the classifiers would be able to apply them after reading the test descriptions. This proposed revision was adopted by the International Wheelchair Rugby Federation later that year. (For description of the trunk impairment classification system, see Supplementary Information.)
Although face validity for the assessment of trunk impairment was established, content validity, construct validity and reliability have to be established to guarantee an effective and evidence-based classification system. As a first step towards evidence-based classification, the purpose of this study is to assess the inter-rater reliability of the revised trunk impairment classification system in an observational, cross-sectional study in two sessions. After both sessions, test descriptions were improved if necessary.
MATERIALS AND METHODS Participants
For each of the two sessions, three internationally certified classifiers with at least 7 years of experience at an international level participated. They were recruited by sending an invitation to all 33 registered active international classifiers for wheelchair rugby fulfilling these criteria. Three classifiers with the least travel distance and costs were selected. Two of the three classifiers in the second session had not participated in session one. There was a 6 months time period between the sessions.
In the first session, athletes from wheelchair rugby from the Netherlands and Belgium with at least 1 year experience in their sport and at least 18 years of age were invited to participate. Sixteen athletes participated in the first session. Four athletes also played wheelchair basketball and 12 athletes played only wheelchair rugby. For the second session, a limited additional number of wheelchair rugby athletes from the Netherlands and Belgium with limited-tono trunk impairment were available (only 17 active athletes with limited-to-no trunk impairment were registered in the Netherlands and Belgium). We permitted athletes with limited-to-no trunk impairment who had already participated in the first session to participate again in the second session. Because the athletes did not know the allocated trunk score of the first session and because only one out of three classifiers in the second session could probably recognise the athletes from the first session, there would be no positive influence on the results. Also, invitations were sent to wheelchair basketball athletes to increase the number of athletes without full trunk impairment. Because there is a huge overlap in sport-specific activities between wheelchair rugby and wheelchair basketball, the influence on trunk impairment score would be minimal. The second session consisted of 22 athletes: 11 who played wheelchair basketball, 8 who played wheelchair rugby and 3 who played both sports. Three athletes participated in both studies, they all had limited-to-no trunk impairment. Two of them did not have agreement on their trunk score in the first session. Nineteen athletes did not participate in the first session. Table 1 shows the health conditions of the participating athletes.
All procedures were conducted according to the Helsinki Declaration. 14 All athletes signed informed consent. To secure the athletes' safety during the assessment, all classifiers had support from an assistant who was either a nationally certified classifier or a physiotherapist.
Experimental design and procedures
The participating classifiers received the algorithm and the descriptions of the tests (t1-t8) four weeks before the testing day (See Supplementary Information). The classifier who participated twice did not get any information on which changes were made and why, since the first session. The classifiers were instructed to prepare by reading and practising all 10 tests of the classification algorithm. If they had any questions, the classifiers had the opportunity to ask the researchers (VCA, Anne Leota Hart) for additional information the weeks before testing. On the testing day, the classifiers had to make an independent decision on passing or failing every test in the algorithm without consulting other classifiers or assistants. They were instructed to mark their test decisions and final trunk score using a score sheet showing the algorithm.
All classifier-athlete interactions were filmed while testing. At the end of the testing day, the classifiers and researchers discussed the classifiers' questions and remarks about all tests. Using the videos, one of the researchers (VCA) confirmed whether the athlete was in the correct testing position, and whether the tests were performed according to the descriptions. Any inconsistencies with the descriptions were noted and summarised. Inconsistencies between the classifiers in any of the tests were evaluated, either by self-report or observed in the video analysis. If inconsistencies were based on an insufficient description of a test, descriptions were adjusted using the advice of the participating classifiers.
Statistics
The percentage agreement and Fleiss Kappa for agreement were calculated in both sessions using SPSS (version 17.0; SPSS Inc., Chicago, IL, USA). Full agreement was defined as the percentage of athletes that received the same trunk score by all three classifiers. Because in wheelchair rugby, the majority of the athletes have full trunk impairment, higher numbers of athletes with trunk score 0 were expected compared with the other trunk scores. This could potentially influence the value for Fleiss Kappa, with an overall value for all classes that would not be representative for the individual trunk scores. To make sure that the reliability was adequate for each trunk score, Fleiss Kappa's were calculated for each individual trunk score in addition to the overall Fleiss Kappa (all trunk scores together). All tests were arranged in an algorithm in which failing in one test leads to a trunk score. Therefore, differences in interpretation of one test will lead to inconsistency in trunk score. To identify tests with inconsistent interpretation by the classifiers, the number of athletes that received full agreement between the classifiers per test was evaluated.
Significance level was set at Po0.05. For interpretation of the Fleiss Kappa, the guidelines of Koch and Landis 15 were used. We decided that for the overall value of Fleiss Kappa, the minimum value should be 0.61 (substantial agreement), and the minimum value of Fleiss Kappa for individual trunk scores should be 0.41 (moderate agreement).
Statement of ethics
The authors certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research (Medical Ethical Committee of the Netherlands, region Arnhem and Nijmegen registration number 2011/378). Table 2 shows the trunk scores per classifier for all athletes. There was full agreement between the three classifiers for the trunk scores for 13 out of 16 athletes (81%).
RESULTS

First session
The overall Fleiss Kappa was 0.76 (Po 0.001). Fleiss Kappa for the 0 trunk score was 1, whereas Fleiss Kappa for the other trunk scores ranged between 0.29 and 0.68 (Table 3) , based on a total of seven athletes with trunk score 0.5-1.5.
The agreement per test is shown in Table 4 . Note that as a result of the used decision algorithm, many of the tests were performed in a limited number of athletes. The discussion with the classifiers and the analysis of video revealed that the test descriptions for tests t3 and t5 about fixation of the athlete to prevent losing balance were missing. In addition, the quality of movement in lateral flexion in test t5 was not clearly described. Furthermore, the outcome for tests t3, t4, t5 and t6 was not described in case of an asymmetry in test performance. Therefore, adjustments to the descriptions of test t3 to t6 were made after the first session for these specific issues (see Supplementary Information). 
Second session
One athlete was excluded from the analysis because the athlete did not consistently perform the tests in all three classifications, which was mentioned in the discussion with the classifiers and confirmed by the video analysis. The results for the remaining 21 athletes are shown in Table 5 . All three classifiers gave the same trunk score to 15 out of 21 athletes (71%). The overall Fleiss Kappa for all classifiers for all athletes was 0.75 (Po 0.001). Fleiss Kappa ranged between 0.58 for trunk score 0.5 and 0.92 for trunk score 1.5. (Table 3) . Table 4 shows the number of athletes that performed a test and the number of athletes all classifiers agreed on passing or failing this test. Test t2, t2a and t2b are the least used tests (respectively 2, 1 and 2 times in the second session). Most tests had the same outcome for each athlete by all classifiers. Test t5 showed less agreement (8 out of 12 athletes).
The discussion with the classifiers after the second session revealed that it was not clear how to proceed with test t2. The classifiers suggested that tests t2a and t2b were appropriate and easy to administer to all athletes, and test t2 did not seem to be of additional value. The classifiers also experienced difficulties with the instruction of test t5 to the athlete and the interpretation of the test result. In the analysis of the videos, it appeared that the athletes' performance of test t5 improved if the classifier gave repeated instructions. However, classifiers did not consistently repeat the instructions in each athlete. Moreover, the videos showed differences in judgement between the classifiers on how strict the lateral movement should be, and their subsequent interpretation of the movement resulted in differences in judgement of passing or failing this test. 
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DISCUSSION
In this study, the inter-rater reliability of the revised classification system for trunk impairment for wheelchair rugby was assessed in two sessions. In the first session, the overall Fleiss Kappa for athletes for all trunk scores was substantial. For trunk score 0, Fleiss Kappa was perfect. However, Fleiss Kappa was no more than fair for trunk score 1.0. The value for Kappa may have been negatively influenced by the low numbers of athletes who were allocated trunk class 0.5-1.5, especially the 1.0 trunk score. This prevalence problem can cause Kappa to be unrepresentatively low. Hence it was concluded that classifiers were able to consistently make the distinction between athletes with full trunk impairment and athletes with limited-to-no trunk impairment using the revised classification system. However, the trunk scores for athletes with limited-to-no trunk impairment appeared to be inconsistent due to incomplete test descriptions and a low number of athletes with trunk scores 0.5-1.5. For the second session, the test descriptions were adjusted and wheelchair basketball athletes participated to increase the number of athletes with trunk scores 0.5-1.5. Nevertheless, the total number of participating athletes was still rather low. The improved test descriptions resulted in a large improvement in the inter-rater reliability of the trunk impairment classification system for the trunk scores 0.5-1.5, whereas the inter-rater reliability for trunk score 0 was still sufficient but decreased compared with the first session. Compared with the first session, there was a better distribution of athletes for all trunk scores. Also, the allocation of the trunk scores per classifier showed a more balanced distribution. Based on the overall Fleiss Kappa (0.75) and Fleiss Kappa per trunk score (0.58-0.92) in relation to our preset criteria, we concluded after the second session that the new classification system for trunk impairment had adequate reliability with substantial to almost perfect agreement for trunk scores 0, 1.0 and 1.5, although there was still room for improvement. Special attention was needed for trunk score 0.5 (Fleiss Kappa 0.58, indicating moderate agreement), which had a role in all disagreements. The athlete's ability to recruit shoulder muscles enhancing performance during the tests may have had a role in the increase of disagreement between trunk score 0 and 0.5 compared with the first session. In the first session, almost all athletes with trunk score 0 had impairments in the arms. In the second session, the athletes with trunk score 0 had limited-to-no arm impairment. It is known that athletes can compensate for trunk impairment by using their shoulder muscles. [16] [17] [18] This substitution possibly made it more difficult for classifiers to distinguish trunk impairment from compensation, which led to inconsistency in allocating trunk score 0 versus trunk score 0.5. This possible compensation should be emphasised in the description of test number t1.
Another factor in the disagreement involving the 0.5 trunk score, but between trunk score 0.5 and 1.0, were the inconsistencies in test number t5. In the analysis of the individual tests of the algorithm, high agreement was found between all classifiers in the second session in passing or failing each test, except for test t5. Tables 2 and 5 .
A likely explanation is that lateral flexion is a movement that is not performed as an isolated movement in daily life or in wheelchair sport but always combined with rotation, flexion or extension. Therefore, test t5 was adjusted in order to be less specific for the angle of the spine but rather for lateral flexion of the trunk as a whole, without compensation by weight shifting onto one leg. After final adjustments of this test description, the reliability of the trunk impairment classification system is expected to become even higher than in the present study, especially for trunk scores 0.5 and 1.0.
To the authors' knowledge there are hardly any studies on reliability of classification systems in paralympic sports. One study was performed on reliability of classification for Nordic skiing that is largely based on trunk impairment. In this study, two classifiers allocated one of the five existing Nordic skiing classes to 33 patients of a rehabilitation centre with a variety of health conditions. 19 Although the researchers found a slightly higher inter-rater reliability (overall Kappa of 0.8 based on the raw data) for the classification outcome than we did, the lowest Kappa per Nordic skiing class was much lower (KappaE0.20). However, disagreement between the raters per test was higher (23 out of 132 tests (18%) versus 6 out of 80 performed tests (7.5%) in the present study). The most important difference between the Nordic skiing study and the current study was the experience of the classifiers. The study on Nordic skiing used the two most experienced international classifiers who had been working together and using the system for a long time. In this study, three classifiers who had sparsely worked together were selected from the entire pool of more than 30 eligible classifiers. Moreover, the trunk assessment for wheelchair rugby was new and had never been used at any tournament before the study. Therefore, it is remarkable that almost the same inter-rater reliability as in the Nordic skiing research was found.
It must be noted that the protocol used in the present study was different in several aspects from the classification procedure in wheelchair rugby. 5 Firstly, classification is performed by a panel consisting of three classifiers who are allowed to discuss test performance. In case of disagreement between panel members, there will be a vote and the final decision is made by the majority opinion. Secondly, the process of classification is finalised by observation of sport-specific activities both during off court tests and during on court observation. Based on the high inter-rater reliability found in this study, it can be expected that an athlete will receive the same score for trunk impairment, no matter which panel conducts the classification.
In addition to the inter-rater reliability, the test-retest reliability is another important criteria for an effective test for classification, but this was not examined in the present study. In classification practise, the interval between two classifications is at least 11 months. 5 Because the number of athletes was limited, it can be expected that classifiers would remember their decision on trunk score for each athlete, especially if they performed a test and retest with a short interval between the tests. From the video analysis, it was observed that the athletes performed the same if retested on the same day by different classifiers. There did not seem to be a training or learning effect by performing the tests repeatedly. With an inter-rater reliability as high as found in the second session and a consistency in test performance found in the video analysis, it is likely that the test-retest reliability for revised trunk impairment classification system will be adequate.
Trunk impairment does not only have an important role in activities in wheelchair sport. It also has an important role in activities in daily life. As such, assessment of trunk impairment is important in rehabilitation. 20 For patients with SCI, the ASIA score is the most widely used scale to assess trunk impairment. 4 However, the ASIA score only uses impairment in sensation at the level of the trunk and does not take impairment in trunk muscle power, trunk range or coordination of trunk movements (biomechanical trunk impairment) into account. In patients with incomplete SCI (AIS B-D), sensation in the trunk is unlikely to adequately reflect trunk muscle weakness. Moreover, Bjerkefors et al. 21 indicated that impairment in sensation does not reflect trunk impairment in patients with complete SCI (AIS A). A small number of scales for biomechanical trunk impairment exist, [22] [23] [24] [25] but their application is limited to a specific medical condition (stroke, cerebral palsy and multiple sclerosis). The current studied wheelchair rugby scale for biomechanical trunk impairment can be applied irrespective of the medical condition. Therefore, it is potentially a useful tool for assessing biomechanical trunk impairment in rehabilitation for patients with SCI, as well as for patients with other medical conditions.
Although this research on reliability is an important step towards evidence-based classification in wheelchair rugby, it should be followed by additional research to establish content validity and construct validity of the trunk classification system with regards to eligible impairment types and severity, and the contribution of this impairment to sport-specific activity limitation. 2 Only with this additional research, evidence-based classification as defined in the International Paralympic Committee position stand in wheelchair rugby can be achieved.
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